地盤の極限状態における平衡に関する研究 by 川崎 栄久 & KAWASAKI Teruhisa
地盤の極限状態における平衡に関する研究 (川崎)
地盤の極限状態における平衡に関する研究
川 崎 栄 久








































































Studies for the equilibriunl fo ground in the ultilnate state
Teruhisa KAWASAKI
Abstract
Ground stability is prerequisite in the construction of structures  Ground stabihty prob―
lems include the bearing capacity for structures, the balance of earth pressures at retaining
walls and cofferdams,the stabilization of slope,etc  The conventional calculation rnethods for
these problems assume ground as a rigid body and adopt the plastic equilibrium theory.
Regardless of the wide ranging size of ground from clay to sand,these methods such as the
circular slip method cannOt explain the actual failure mechanis■l precisely.  For the agreement
between calculation and phenomena,it is necessary to clarify the failure mechanism and the
non―hnear relation bet、、「een load and deformation of ground,which should contribute to a rnore
accurate estirnation of bearing capacity  This study, concentrates on t、ユ、アo extreme objects,
very soft ground and sandy ground in the ultilnate state.  One is heaving at a corerdanl on very
soft grOund and the other is bearing capacity of spread foundation and pile tip  These themes
are explained through model tests, loading tests at site, triaxial compression test etc  the
generation of heaving is dependent on smaner resistant moment under the bottoni rather than
shding moment frOni the outer surface.  If there is a danger Of heaving,a consohdation method
with cement for the inner grOund is adopted to complete excavation although various counter‐
measures are devised for heaving  These traditional rェュethods are not satisfactory regardless
of site excavation for the mechanical properties of very soft ground  lt is necessary to select
a proper measure corresponding to estimate deformation is accordance ■アith th current
geotechniques that ailn at performance―based design.
To solve the above―m nti n d problems, we performed a series of model tests for the
prediction and estirnation of heaving on very soft ground  As a result, the phenomenon of
heaving was related to excavation  lt was also recognized that heaving is strongly related to
excess pore water pressure beneath the excavation bottoln,and the level of ground water  As
a result the 5 elements sohd model was apphed to the actualrnovement and∬ハras very usefulin
pedicting and estilnating the deformation of very soft ground.  Furthermore,it was possible to
predict the deformation of sheet piles and ground in combination、vith an elasto―p ic r ethod.
Then,the stabili3ation rnethod at excavation on very soft ground、Aアas investigated.  The rnain
traditional rnethod for the prevention of heaving is the sha1low or deep nlixing lnethod,which
Hlixes weak ground、vith cement or lilne and requires rlluch material in cases of wide or deep
excavation,  Since the effective part for grOund stability is the improved ground remaining
after excavation,the cement included in excavated soil、vas iscard d together with the soil
Fronl the model tests,reasonable and econoHlical rnethods for the prediction and preven‐
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tion of heaving ttrere devised  ln general cases,slow step excavation,controning the genera‐
tion Of excess pore、vater and the balance of active and passive earth pressure,pressure under
the excavated bottonl,and lowering of ground、i、アater level are practical rnethods to prevent of
heavlng
Also,restrain group piles and those、、アith vacuuna strainer piles driven into the background
of a cofferdanュ、vere proposed  The restraint group piles are expected to receive active earth
pressure and to prevent the settlement of background.  The vacuuna strainer piles increase the
ettective stress of the ground by the absorption of pore water and narroM/the nowing width
betⅥπeen piles by a soil column、、アrapped arOund the piles in addition to the roll of the roll of
group piles.  Three cases of verincation test、vere performed fOr no measure,restraint group
piles and those with vacuum strainer plles  The upheaval and settlement in the no measure
test increased linearly up to a substantial amount after excavation and ceased non―hnearly
after tilne had elapsed.  The group piles restrained the amOunt of upheaval and settlement both
in hnear and non―linear parts  The group piles and the vacuum strainer plles greatly de―
creased the amount of upheaval but could not restrain the amount of settlement compared to
the group piles,depending on the strong absorption of ground、va er  According t  Te 3aghi'
s theory,the bearing capacity of sandy ground reveals,based on resistance combination with
the active cone under the bottom and logarithmic spiral and passive earth pressure blocks
The theory calculates the ultilnate bearing capacity under the presumption that the ground
materials are rigid plastic and have constant cohesion and frictional angle values,  Ho、、アever,
the actual bearing capacity is not always equal to the calculated value depending on the fact
that rnany raptures are progressive,that the sliding lines are not silnilar to thOse presumed and
that the value of the frictional angle decreases depending on the breakage of sand particles,as
wen as the strength of the grOund having anisotropical properties  TherefOre,it is dimcult t。
connrnl、、ァ1 ether the mechanism of bearing capacity has been resolved
This study aillled at the foundation of the non―linear rapture condition of sand byふ/1ohr―
Coulomb depending on particle breaking―up by connned pressure, the proposal of bearing
capacity calculation considering variable values of cOhesiOn and frictional angle, and the
conarmation of correspondence between the ultimate bearing the capacity ofloading test at site
and the calculated value froni the newly proposed fOrmula.
According to the triaxial compression test,particle dilatancy is not revealed at the peak
of principal stress difference under a strong cOnaned stress.  It measures the active cone
beneath the foundatiOn breaking under compression and the logarithrllical spiral line is barely
evident  Based On the above―men ioned studies, the prediction and restraint methods for
bearing capacity of sandy ground can be realized.  GrOund stability can be obtained to satisfy
the non―h ear relation between force and deformation,not depending on the ultimate equilib‐
rium method based on the balance of forces or lnoments that equally presume ground material
as rigid plastic bodies.
Since the relations betMreen force and deformatiOn of very soft ground and hard ground are
clear,it is possible to resolve stability problems Of the intermediate solls bet■veen both typ s
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of ground considering of each mechanical property`
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